EM-415 Heat Transfer Exam #3 Name: LT ONY

Problem 1) Heat transfer coefficients are in general greater for free than forced
convection, and greater for water than air. In this problem we are going to compare
the rate of heat loss from a flat plate exposed to forced air convection, versus free

convection from a vertical plate in water. The plate is held at a constant temperature
of 30 °C in both cases.
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a) (10 pts) Calculate the Reynolds Number and Nthe heat transfer coefficient
versus position along the 2 m length of the plate
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b) (20 pts) Calculate the total rate of heat loss per unit width for the plate. The plate
is held at a constant temperature of 30 °C.
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c¢) (20 pts) The same 2 m long plate held at}{j 5 then placed vertically into a body
of water. Calculate the rate of heat loss to free convection. The following

properties are given for water: (u = 8558 s/m?, p =997 Kg/m®, k= 0.613
W/mK, C,=4179 J/KgK, p =276.1x10° 1/K and Pr = 5.83)
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d) (5 pts) Why do scuba divers need to wear wetsuits when spending long periods of
time underwater even when the water temperature is greater than 80 F.
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Give two reasons why this is not necessarily true for when snorkeling under —
similar conditions. Assume the air and water are at the same temperature.
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Problem 2) Hot exhaust gases from the gas turbine generator on our ship are used to

preheat the air entering the combustion chamber. This is accomplished using a

cross flow heat exchanger where the hot exhaust gases are passed over pipes that

contain the intake air for the Turbine. Therefore the exhaust gases are mixed

while the intake air is unmixed in tubes. T&gﬁhaust gases enter the heat

exchanger at 800 K and exit at 600 K. The mass flow rate for both the intake air

and the exhaust gases is 10 Ke/s. The intake air enters the heat exchange at 300 ﬁT\ :2_%
K. (Evaluate the properties for the intake air at 400 K). There are 100 thin walled

tubes, each tube is &m long and 4 cm in diameter AT?- -3 o0

a) Calculate the rate of heat exchange between the two fluids and the outlet
temperature of the intake air. r Took_
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b} Calculate the Overall Heat Transfer Coefficient ‘170 =5 12 K
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¢) Determine the heat transfer coefficient of the air flowing inside the tubes. G s a2
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d) Determine the heat transfer coefficient for the air outside the tubes. (Hint: you
should not need a correlation for this calculation)
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